The St. Elias, Alaska earthquake of 28 February, 1979 (M s 7.2) is reanalyzed using broadband teleseismic body waves and long-period surface waves because of unresolved questions about its depth, focal mechanism, seismic moment, and location in a seismic gap. Teleseismic waveforms are simultaneously inverted to determine the source mechanism, seismic moment, rupture history and centroid depth. These data are well modeled with a point source propagating in the ESE direction with an average kinematic rupture velocity of 2.5 km/s. The best-fitting source mechanism indicates underthrusting on a NE-dipping plane. 
INTRODUCTION
The 1979 St. Elias, Alaska, earthquake is significant because of its location in a seismic gap and because outstanding questions exist regarding its depth, focal mechanism and seismic moment. Woodhouse, 1981, 1983] , leading some of the investigators to postulate anomalously slow moment release. While the St. Elias earthquake is generally understood to be complex, our purpose in this paper is to resolve the complexities in space-time moment release and to interpret robust features in terms of the structure and location of the plate interface.
The region between the rupture zones of the 1964 (Mw 9.2) and the 1958 (M w 7.7) (Figure 1 ) earthquakes, known as the Yakataga seismic gap [Sykes, 1971; McCann et al., 1979 McCann et al., , 1980 , was identified by Sykes [1971] as not having broken since two great earthquakes (M s 7.9 and 8.0) [Abe and Noguchi, 1983] In this paper, we examine teleseismic broadband and longperiod body waves for the St. Elias mainshock to obtain better resolved estimates of rupture and focal parameters. Our study indicates that rupture propagated unilaterally to the ESE for about 38 s with most of the moment release occurring in two distinct subevents. The first subevent is a pure thrust mechanism dipping to the NE, consistent with the P wave first motions; the second subevent has a substantial rightlateral strike-slip component. Additional moment was released in the subsequent 34 s. Our determination of the centroid depth, 24 km, is compatible with well-resolved depths of 9 to 21 km for the largest aftershocks and other events in the region but is inconsistent with the 11 km centroid depth determined in an earlier body wave study by Boatwright [1980] . Our modeling of long-period surface waves of the St. Elias earthquake shows that at periods greater than 200 s, the seismic waves can be fit with a point-source thrust mechanism located at the body wave centtold, and with a seismic moment consistent with that determined from body waves.
Therefore Earlier surface wave studies found evidence for spatial complexity in the seismic source. Dziewonski and Woodhouse [1981, 1983] found that the dominant episode of moment release occurred 37 s after the origin time and 100 km east of the nucleation point. They also found that the focal mechanisms changed from a shallow thrust to a reverse fault with a large strike-slip component. The later CMT inversion [Giardini et al., 1985; Dziewonski et al., 1987] has the spatial centroid within the aftershock zone; the temporal centroid is still 32 s after the short-period origin time implying that there is a very long-period component to the source. Hasegawa et al. [1980] showed, however, that surface wave spectral amplitudes can be modeled by a unilateral rupture of 50 km in a direction of 103 ø which is similar to the body wave results.
BODY WAVE ANALYSIS Data
Data from the GDSN, Worldwide Standard Seismograph Network (WWSSN) and Canadian Seismograph Network (CSN) are used in this study. We limit our data set to include only mantle body waves from stations at distances of 30ø<Ap<100 ø and 34ø_<ASH<87 ø to avoid strong, highly variable, upper mantle and core arrivals. The data set consists of 22 vertical P waves, of which 7 are broadband, and 13 are long-period SH waves. This set is substantially larger than that used in other body wave studies of this earthquake. Table 2 The broadband records were produced by combining shortand long-period seismograms from a single station following the method of Harvey and Choy [1982] . The resulting broadband displacement seismograms were bandpass filtered using a three-pole Butterworth filter with cutoffs at 0.0067 Hz (150 s) and 5 Hz and then resampled to 2 samples/s.
The crustal structure in the St. Elias area is not well known and probably has significant lateral variation based on geological mapping of the region [Beikman, 1980] [1980] used a constant gradient velocity model to locate aftershocks of the St. Elias earthquake. We assume a source crustal model to be a halfspace with P and S wave velocities and density of 6.5 km/s, 3.75 km/s and 2.9 g/cm 3, respectively, consistent with the TACT and Stephens et al.
[1980] models. The crustal structure at the receivers is taken to be a halfspace with P and S wave velocities and density of 6.0 km/s, 3.46 km/s and 2.75 g/cm 3, respectively. These structures are held fixed throughout our inversions. A t* (travel time/Qaverage) of 0.7 s for broadband P waves, 1 s for long-period P waves and 4 s for S waves is used to describe body wave attenuation.
Inversion

Method and Results
We use the method of Ndb•lek [1984] to invert for source mechanism, seismic moment, source-time function and centroid depth.
For the P and SH waves, synthetic seismograms are computed for a common epicentral distance and gain and then compared with observed waveforms. The We allow the inversion window to move a specified amount ( The broadband and long-period data are jointly inverted for source properties. First we determine the average centroidal parameters and then introduce additional source parameters to model any complexity suggested by the data. Table 3 gives the source parameters and standard errors and Figure 3 shows a comparison of observed and synthetic P waveforms at selected stations for the various inversions.
We find the best-fitting centroid solution (Centroid in Table 3) fixing the rupture velocity and inverting for mechanism, depth and moment distribution. (Table 3) , and therefore it is likely to be the true centroid depth. The parameters of the propagating point source mechanism (hereafter referred to as PPS) are found in Table 3 km/s, and we ifivert for mechanism and depth. The fit to the data is essentially the same as model PPS, in which the rupture duration is 38 s (Table 3) subevents, and the strike and dip of the high-angle planes and the dip and the rake of the fault plane. Because the depth phases of subevent lb do not interfere with any source phases (Figure 3) , the source mechanism of subevent lb is better resolved than subevent la, and it is likely that the difference in strike between the two subevents is well resolved (210ø+31øversus 331ø+6ø). The errors are smaller for subevent 2 because of the greater proximity on the focal sphere of outgoing rays to the more steeply dipping fault plane. Table 3 contains estimated errors for parameters of the body wave inversions. Because they do not account for trade-offs between parameters, they probably underestimate the real uncertainties. Appearing in Table 3 (Figures 8b and 8c) . The source mechanism was found by trial-and-error with the moment determined by least-squares amplitude matching. At a period of 200 s a point source adequately describes the data. The wavelength at this period is about 800 km, which is nearly seven times the largest dimension of the aftershock zone (120 km). The best fitting source mechanism has a strike of 293 ø, dip 18 ø and rake 123 ø and moment of 1.3x102ø N-m. This mechanism has the same complementary (high angle) plane as the body-wave PPS mechanism, but the rake of the highangle plane is adjusted to match the data. Given the uncertainties in strike from body waves (Figure 4d) , the difference in strike between 293 ø and 315 ø is not significant.
The difference in moment will be discussed below.
We continue with the analysis of long-period surface waves in the time domain. Orbits 1 through 3 of long-period Love and vertical-component Rayleigh waves are used. This data set is nearly the same as that used by Buland and Taggart [1981] and the CMT. Station locations are shown in Figure  8a .
Synthetic seismograms are calculated by summing fundamental normal modes up to 60 mHz (computed for anisotropic PREM) for a step-function point source. The source mechanism and depth appear in Table 3 and are the [Gilbert and Dziewonski, 1975 ] which differs only slightly from 1066A and PREM, and we find that at periods longer than 200 s, differences in surface wave excitation do not explain the discrepancy.
Moderate differences in moment (30%) are often observed for large events. Aki [1967] and Geller [1976] suggest that these differences are because the body wave moment is estimated within a narrow bandwidth which is at frequencies higher than the comer frequency. We find that when the 72 s body wave inversion is constrained to have a moment of The preferred mechanism is a shallow thrust on a NNE striking plane with a well-constrained depth of 21 km similar to that obtained For two events which were not large enough to excite longperiod P waves, we use short-period P waves and long-period Differences in the general character of the observed shortperiod waves recorded at teleseismic distances for events 4, 5 and 6 suggests that their focal mechanisms along with their depths are significantly different. Figure 17 shows that the amplitude ratios P/pP and P/sP are very different at the same station for the three events, indicating that focal mechanism, depth, and possibly local source structure are different.
The depths and focal mechanisms of two events before the 1979 St. Elias earthquake and the three largest aftershocks are consistent with the depth and mechanism of the mainshock. Depths of these aftershocks are between 7 and 12 km deeper than the depths determined using the regional seismic network ]. This regional network bias can be attributed to complex local velocity structure, coarse station spacing, and the absence of seismic stations in the vicinity of the epicenters . We address the discrepancy between the teleseismic determined depth and the depths from individually located events by jointly relocating the network aftershocks.
Regional Network Aftershocks
We analyze regionally recorded aftershocks of the St. Elias earthquake and relate their locations to the rupture process deduced from the teleseismic body and surface waves. Figures 18a and 18d shows that the locus of activity changes from being predominantly in the central cluster early in the sequence to being spread out over a larger area to the south.
To study the depth distribution of aftershocks we relocate the earthquakes. We perform a multiple (joint) earthquake relocation following the method of Pavlis and Hokanson [1985] 
Depth of Mainshock and Aftershocks
The tectonic interpretations that the PAC-NAM plate boundary is very shallow in the St. Elias area [Hasegawa et al., 1980 or that the St. Elias earthquake occurred on a thrust shallower than the main fault interface [Pdrez and Jacob, 1980b] , are based on unreliable depth determinations of the mainshock [Boatwright, 1980] and aftershocks . The 24 km average depth for the mainshock found in this study indicates that it occurred at a depth comparable to other large subduction zone earthquakes, probably on the main fault interface of the PACand 7, all with thrust mechanisms, have depths close to, but slightly shallower than, the mainshock subevents (events l a and lb). The depths (14-21 km) and locations indicate that the plate interhce shallows to the south. We inte Figure 18 ), define a nearly horizontal plane. We infer that these events delineate the shallow part of the subducting plate interface.
Shape of the Plate Interface
Because of the proximity of this large underthrusting earthquake to a major transcurrent fault, the Fairweather fault, one might speculate about the nature of the transition. The PAC-NAM plate interface may bend smoothly from the region of underthrusting to the near vertical Fairweather strike-slip fault. Because mechanism lb is different and better determined than mechanism l a, we suggest that the Mate houndarv chanees orientation and div from shallow, north dipping in the west to more steeply, NE dipping in the east (Figures 2 and 21) (Figure 1 ) and the orientation of the Wrangell seismic zone, the near absence of a dipping seismic zone may be caused by a relatively small component of plate convergence in the down-dip direction (about 3.7 cm/yr in a 30 ø azimuth) which increases the plate residence time compared with purely orthogonal subduction. The small rate of downdip convergence may not be enough to excite significant seismicity in the downgoing plate.
CONCLUSIONS
The St. Elias earthquake is reanalyzed using long-period and broadband digital data. We perform a body wave inversion of the mainshock to determine its source mechanism, seismic moment, rupture history and depth. The centroid source mechanism is a thrust solution with a large component of right-lateral strike-slip faulting on a NE-dipping plane. The centroid depth of 24 km of the mainshock and the depth of aftershocks determined by inversion and joint aftershock relocation are consistent with the presumed depth of the main thrust of the PAC-NAM plate boundary. These depths are deeper than those determined in earlier studies.
Long-period and broadband data indicate that the mainshock consisted of two distinct subevents. Rupture began in the NW corner of the aftershock zone and propagated ESE at 
